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Motivation

Understanding the challenges faced while integrating large PV
plants into the grid and resolve them in order to maintain
secure, reliable and robust electrical power system network
without any grid reinforcement.

These are the primary roles of the distribution grid and of the
Distribution System Operator, DSO (Electricity Supply Board,
ESB).

And the most important aspect of DSO is to maintain the
voltage level throughout the distribution network.

The frequency control is maintain primarily by Transmission
System Operator, TSO ( EirGrid)
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1. Overview of PV system

*  Cumulative capacity forecast compared to EPIA’s new 2030 scenarios
* Real 10 MW PV power output measured every 5 seconds on 31/10/2010

2. Voltage profile
* Voltage profile with and without PV

3. The Grid integration Challenges
* Voltage rise and fluctuation

* Reverse power flow

* Increase in power losses

4. Current Research
* Voltage rise and fluctuation

Future Work
References
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Cumulative capacity forecast compared to EPIA’s new 2030 scenarios. [1]
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10 MW PV power in kW

Real 10 MW PV power output measured every 5 seconds on 31/10/2010 [2]

12000

10 MW PV power output profile

10000

8000

6000

4000

2000

[

—— PV power output profile

Time in Hour

Fig: 2 Real 10 MW PV output
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Voltage profile when large PV is Integrated|[3]
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Fig: 3 Voltage profile when PV is connected
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Voltage Profile with & without PV [4]
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Voltage rise and fluctuation [5]

e Voltage rise is one of the major and notorious
impact in the distribution network.

 Mostly occur : e Voltage Profile (PU)
a) in a weak or/long network where there is 1.04
low consumption/ less load and high feed in 1.03
— \-l—dnu—-l—
power from PV. ) 135 /m”\
b) as the number of PV plants connection in = 100 - B e
the distribution network increases. & 0.99 ~C — No Caps }
c) due to the power output intermittency S 0.98 —Caps [
from PV plants. ggg =PV-DGE §
* Duetoincrease in voltage ,power flow can 0.95 : : : , : !
be reversed e.g. flowing towards the 0 1 2 3 4 5 6
transformer. Distance from Substation (Miles)
 Consequently it can affect the whole

consumers and other generators connected
in the network.
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Reverse power flow [5]

* Proliferation of large scale PV plant
can lead to reverse power flow

conditions at section, feeder, and Reverse Power Flow
substation level. Versus PV-DG Penetration Level

—
on

 Dueto reversed power flow, the
feeder will start exporting power
to neighbouring feeders or to the
transmission system.

e Thus it can negatively affect
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_f eeder load. Fig: 6 Reverse power flow vs PV penetration level
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Increase in power losses [5]

* Forlow to moderate penetration
levels, line losses tend to decrease
until they reach a minimums;

* For high PV penetration levels, line
losses tend to increase for several
reasons;

a) The loading of distribution lines under
high solar PV penetration may be
greater than the normal feeder loading
conditions;

b) The lack of local reactive power
supply via capacitor banks;

c) The nodal voltage increase caused by
high solar PV penetration will increase
the no-load losses of distribution

transformers.
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Fig: 7 Power losses
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Table: 1 Network Parameter

SOURCE Zs

Voltage rise and fluctuation

T/F A

Zs = Source | Impedance
Ztr = Transmission line Impedance

Parameter

Value

Source

base kV=220 kV/sqrt3 = 127.01 (p.u= 1 £ 0), base
frequency = 50 hz, 3 phase system

Transform | 3 phases 2 windings: source bus and bus A (wye,

er, T/F wye) star/star connection. 220kV/66kV
MVA= (100/100), % loadloss = 0, xhl (reactance
loss from high to low)=10%

Line AB Length = 20 km, R1=0.2113 ohm/km, X1= 0.4865
ohm/ km, RO = 0.7581 ohm/km ,
X0=1.47265 ohm/km,3 phases line

Line BC, Similar to Line AB

Line CD

PVb, PVc | 50MW

PVvd 30MW

According to IEC 60364-4-443, +10% of the nominal voltage, i.e., 41915.62954 Volts

ATUTE OF 3

Voltage responses at the injection node in Volts

PVb PVc PVd
Fig: 8 Considered Network
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Voltage fluctuation correlated with the PV power ourput
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Fig: 10 Voltage fluctuation correlated
to PV power

Fig: 11 Voltage fluctuation correlated
to PV power
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PV impact analysis [6]
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Fig: 12 PV Impact Analysis
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Methodology to solve over voltage during high penetration of PV

To be reviewed :

1. [8] Local control method: Q(V), Q(V) & P(V) and Q(P»)
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Fig: 15 Four different local control methods:
(a) local control method 1 Q(V );

(b) local control method 2 Q(V );

(c) local control method 3 Q(V), P(V); and
(d) local control method 4 Q(P»v).
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2. [9] Local control Method: P.F(P), Q(V) and P.F(P,V)

8t ]
Table: 2. MONTHLY ANALYSIS
20/ "
=
E 4 K | Total
; Max. voltage |Max. trafo| Network active absor!aed
v at critical bus | loading | power losses reactive
2t I 100% Tr. loading| 4 (pu) | (%) | (MWhmonth) | STETEY OY
- e mverters
[ 1120% Tr. loading (MVArh)
0 1 . coso=1.0 1.106 80.2 2.187 0
No cosfi(P) Q(U) cosfi(P,U) fixed cos=0.9 1.07 92 2,599 25.294
Fig: 16 PV capacity of the grid with different reactive power methods. cos(P) 1072 0.8 2.332 8.342
Q(U) 1.092 81.6 2.223 2.489
coso(P,U) 1.083 83.2 2.251 3,618
L1 cosfi(P) N
1.08F | — Q(U) i
cosfi(P,U]
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Fig: 17 Voltage variation performance of the proposed method
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Future work

* To investigate the proposed methodology and
review them in the existing/new network.

* Perform comparative studies of the result
obtained.

* Continue investigating other methodology
under different network consideration.
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Thank you for your time!
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